We investigated the predictive markers for the therapeutic efficacy and the best combination of sodium-glucose cotransporter 2 (SGLT2) inhibitors (empagliflozin, dapagliflozin, and ipragliflozin) therapy in patients with type 2 diabetes mellitus (T2DM). Methods: A total of 804 patients with T2DM who had taken SGLT2 inhibitor as monotherapy or an add-on therapy were analyzed. Multivariate regression analyses were performed to identify the predictors of SGLT2 inhibitor response including the classes of baseline anti-diabetic medications. Results: After adjusting for age, sex, baseline body mass index (BMI), diabetes duration, duration of SGLT2 inhibitor use, initial glycosylated hemoglobin (HbA1c) level, estimated glomerular filtration rate (eGFR), and other anti-diabetic agent usage, multivariate analysis revealed that shorter diabetes duration, higher initial HbA1c and eGFR were associated with better glycemic response. However, baseline BMI was inversely correlated with glycemic status; lean subjects with well-controlled diabetes and obese subjects with inadequately controlled diabetes received more benefit from SGLT2 inhibitor treatment. In addition, dipeptidyl peptidase 4 (DPP4) inhibitor use was related to a greater reduction in HbA1c in patients with higher baseline HbA1c ≥7%. Sulfonylurea users experienced a larger change from baseline HbA1c but the significance was lost after adjustment for covariates and metformin and thiazolidinedione use did not affect the glycemic outcome. Conclusion: A better response to SGLT2 inhibitors is expected in Korean T2DM patients who have higher baseline HbA1c and eGFR with a shorter diabetes duration. Moreover, the add-on of an SGLT2 inhibitor to a DPP4 inhibitor is likely to show the greatest glycemic response.
INTRODUCTION
The prevalence of type 2 diabetes mellitus (T2DM) has increased along with increased obesity and sedentary lifestyles changes [1] . Most T2DM patients have metabolic disturbances with insulin resistance, such as hypertension, hyperlipidemia, and obesity, which increase the cardiovascular risk by two-fold compared to the risk in non-diabetic subjects [2] . Large randomized trials have demonstrated that optimal glycemic control is associated with the prevention of microvascular complications and long-term reduction of the risk of cardiovascular diseases [3] [4] [5] ; however, only about 50% of patients achieve the glycosylated hemoglobin (HbA1c) levels <7.0% [6] .
The development of new classes of anti-diabetes drugs has allowed a wider range of therapeutic options for glycemic control [7] . Among them, sodium-glucose co-transporter 2 (SGLT2) inhibitors are a new class of drugs that were first approved by the U.S. Food and Drug Administration in March 2013 [8] . Their mechanism involves the inhibition of glucose reabsorption in the renal proximal tubule, leading to increased urinary glucose excretion [9] . This exerts diuretic and natriuretic effects, which also contribute to the reduction of body weight and blood pressure [10, 11] . In addition, the Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients (EMPA-REG OUTCOME) and Canagliflozin Cardiovascular Assessment Study (CANVAS) studies have shown that T2DM patients treated with either empagliflozin or canagliflozin had significantly lower rates of the primary outcome, a composite of death from cardiovascular causes, nonfatal myocardial infarction, and nonfatal stroke [12, 13] . These extraglycemic beneficial effects, as well as the glycemic effects, make SGLT2 inhibitors a promising anti-diabetic agent.
Previously, we demonstrated that dapagliflozin treatment was more effective in patients with higher baseline HbA1c and estimated glomerular filtration rate (eGFR) [14] . The present study extended the scope of these findings to investigate the effectiveness of three widely used SGLT2 inhibitors (empagliflozin, dapagliflozin, and ipragliflozin) as monotherapy or add-on therapy and to analyze which baseline parameters or preexisting anti-diabetic drugs were associated with better response to SGLT2 inhibitor treatment in Korean T2DM patients.
METHODS

Study populations
We screened patients with T2DM who were treated at the outpatient diabetes clinic of Severance Hospital, Yonsei University College of Medicine, Republic of Korea, between April 2014 and August 2017. Patients aged 18 to 75 years who had taken an SGLT2 inhibitor (empagliflozin, 10 mg once daily; dapagliflozin, 10 mg once daily; or ipragliflozin, 50 mg once daily) as monotherapy or an add-on therapy for at least 90 consecutive days were included. We excluded patients with type 1 diabetes mellitus, gestational diabetes, insulin use, or significant renal impairment (eGFR <45 mL/min/1.73 m 2 ). Patients who changed the class of SGLT2 inhibitors and those with missing data regarding body weight, HbA1c level, or eGFR were also excluded. Finally, a total of 804 subjects (128 empagliflozin users, 500 dapagliflozin users, and 176 ipragliflozin users) were enrolled and followed for a median of 192 days (interquartile range [IQR] , 168 to 323 days). This study was approved by the Institutional Review Board of the Yonsei University Health System, Severance Hospital (No. 4-2018-0175). Informed consent was waived due to the retrospective nature of the study.
Study design
Demographic information including age, gender, time since diabetes diagnosis, other anti-diabetic drug use, and comorbidities (hypertension, hyperlipidemia, coronary artery occlusive disease, peripheral artery occlusive disease, stroke, and transient ischemic attack) was collected through an examination of electronic medical records. The subjects regularly visited the outpatient clinic every 3 to 6 months according to the degree of glycemic control. At each visit, the body weight and body mass index (BMI) were calculated as the body weight divided by the height squared (kg/m 2 ). Blood samples were collected after an overnight fasting. Fasting plasma glucose (FPG) levels were assessed by enzymatic colorimetric assay using a Cobas c 702 (Roche, Basel, Switzerland) and Hitachi 7600-200-DDP (Hitachi, Tokyo, Japan). HbA1c levels were determined by high-performance liquid chromatography on a Cobas Integra 800 device (Roche). Lipid panels (total cholesterol, triglyceride, and high density lipoprotein cholesterol [HDL-C]), serum aspartate aminotransferase, alanine aminotransferase, blood urea nitrogen, and creatinine levels were measured using a Hitachi 7600 chemistry analyzer (Hitachi). We calculated low density lipoprotein cholesterol (LDL-C) levels using the following formula: LDL-C=(total cholesterol-HDL-C)-(triglyceride/5). The eGFR was determined using the 4-variable modification of diet in renal disease formula [15] .
We assessed the efficacy of SGLT2 inhibitor according to baseline anti-diabetic drug use: baseline metformin, sulfonylurea (SU), dipeptidyl peptidase 4 (DPP4) inhibitor, or thiazolidinedione (TZD) users and non-users. Glycemic response was evaluated using the change from baseline HbA1c (ΔHbA1c) and the percentage of subjects with baseline HbA1c ≥7% who achieved HbA1c <7% after follow-up. Body weight changes (Δweight loss) were adjusted by the baseline body weight as follows: [(baseline weight-follow-up weight)/baseline weight] ×100. 
Statistical analysis
RESULTS
Baseline characteristics of the study population
The baseline characteristics of the study participants are described in Table 1 . The median age was 57 years (IQR, 49 to 64 years), 54.4% were male, and the median diabetes duration was 7.2 years. The baseline median BMI was 27.3 kg/m 2 and the initial HbA1c and FPG were 7.7% and 152 mg/dL, respectively. Of the 804 subjects, 767 (95.4%) were baseline metformin users, 364 (45.1%) were SU users, 217 (26.9%) were DPP4 inhibitor users, and 52 (6.5%) were TZD users. When classified by concurrently prescribed anti-diabetic drugs, the DPP4 inhibitor users showed a similar age and sex compared to non-users, but the diabetes duration was longer (Table 1) . Fasting and postprandial plasma glucose levels were higher but there was no difference in initial median HbA1c levels (7.7% vs. 7.8%). When classified by metformin use, most of the subjects were on metformin therapy at baseline and the characteristics were balanced except for diabetes duration (Supplementary Table 1 ). The SU users were older, had a longer diabetes duration, and had the least controlled diabetes compared to non-users (Supplementary Table 2 ). A few patients were on TZD treatment and there was no difference in baseline glycemic status between users and non-users (Supplementary Table 3 ).
Effect of SGLT2 inhibitors on anthropometric and biochemical parameters
After administration of SGLT2 inhibitors (empagliflozin, dapagliflozin, or ipragliflozin) for a median of 192 days, the median HbA1c level had decreased by 0.7%, from 7.7% (IQR, 7.0% to 8.6%) to 7.0% (IQR, 6.5 to 7.8%; P<0.001) and fasting and postprandial glucose levels were significantly reduced (Table 2). The weight loss was about 3 kg, from 75 kg (IQR, 67 to 85 kg) to 72 kg (IQR, 63 to 82 kg; P<0.001). Serum triglyceride, HDL-C, and liver function test also improved and modest increases in serum hemoglobin and hematocrit levels were also observed. There were no significant changes in total cholesterol, LDL-C, and serum creatinine levels or eGFR. In addition, when patients were classified according to the kind of SGLT2 inhibitors, there were no significant differences in the changes in HbA1c and body weight (P=0.629 and P=0.125, respectively) (Supplementary Table 4 ).
Efficacy of SGLT2 inhibitor according to baseline characteristics
The effects of SGLT2 inhibitors on the HbA1c level and body weight were compared according to baseline HbA1c (cut-off, 7%) and BMI (cut-off, 25 kg/m 2 ). In well-controlled diabetes (left panel, Fig. 1A ), the change from baseline HbA1c was minimal. In patients with inadequately controlled diabetes (right panel, Fig. 1A ), the degree of HbA1c reduction was significantly larger and obese patients tended to have a better response (ΔHbA1c, -0.6% vs. -0.8%). In Fig. 1B , the adjusted weight loss did not differ in well-controlled diabetes (left panel, -4.6% vs. -4.0%), whereas significant weight reduction was observed in obese subjects with inadequately controlled diabetes (right panel, -2.9% vs. -4.3%).
Glycemic responses according to other baseline characteristics are shown in Supplementary Fig. 1 . There was no difference in glycemic response to SGLT2 inhibitors according to age and gender. However, a significantly larger HbA1c reduction following SGLT2 inhibitor therapy was shown in patients with shorter diabetes duration (<5 years), preserved eGFR ( ≥90 mL/min/1.73 m 2 ), and poorly controlled diabetes (HbA1c ≥9%).
Efficacy of SGLT2 inhibitor according to baseline antidiabetes use
Next, the effect of SGLT2 inhibitors was observed according to concomitant anti-diabetic medications. Baseline metformin or TZD use with SGLT2 inhibitor treatment did not impact the change from baseline HbA1c or the proportions of subjects achieving HbA1c <7% ( Fig. 2A and B) . SU users experienced a greater reduction in HbA1c after the addition of SGLT2 inhibitor versus non-users (-0.6% vs. -0.4%, P=0.001) ( Fig. 2A ), but the percentage of patients who reached the glycemic target was higher in SU non-users (29.1% vs. 48.5%, P<0.001) (Fig.  2B ). As the SU users had inadequately controlled diabetes at baseline (Supplementary Table 2 ), it might be easier to lower the baseline high glucose, but it was not enough to reach the HbA1c <7%. On the other hand, the effect of SGLT2 inhibitor on prevalent DPP4 inhibitor users compared to non-users was significant both in the change from baseline HbA1c (-0.6% vs.
-0.4%, P =0.002) and in the proportions of subjects who achieved HbA1c <7% (44.4% vs. 35.6%, P=0.036). The adjusted weight loss was about 4% and was not impacted by baseline metformin, SU, or DPP4 inhibitor use, whereas the combina- tion therapy with TZD offset the weight loss effects of the SGLT2 inhibitor (P=0.015) (Fig. 2C) . When subjects were divided according to respective drug combinations, 18 (2.2%) started SGLT2 inhibitor as monotherapy; 305 (37.9%) were on dual therapy; 353 (43.9%) were on triple combination therapy; and 128 (15.9%) were on quadruple combination therapy with addition of SGLT2 inhibitor to preexisting metformin, SU, TZD, or DPP4 inhibitor therapy. The detailed combinations of anti-diabetic drugs and the reduction of HbA1c are described in Supplementary Table 5 . Because the combinations of anti-diabetic drugs were so diverse and those except for the four major combinations were difficult to analyze due to the small number of subjects, we analyzed subjects by baseline user or non-user through the manuscript.
Analysis of predictive markers for the response to SGLT2 inhibitors
To identify the predictive markers of SGLT2 inhibitors on HbA1c levels, linear regression analyses were conducted (Table  3) . After adjusted for age, sex, initial BMI, diabetes duration, duration of SGLT2 inhibitor use, baseline HbA1c, eGFR, and other anti-diabetic agent use (metformin, SU, DPP4 inhibitor, and TZD), shorter diabetes duration, higher baseline HbA1c, and eGFR were the common predictors for a better response following SGLT2 inhibitor treatment in all subjects (all P< 0.05). However, the baseline BMI had an inverse effect according to glycemic status. Lower BMI in well-controlled diabetes patients (baseline HbA1c <7%) and higher BMI in inadequately controlled diabetes patients (baseline HbA1c ≥7%) were associated with better response. Preexisting anti-diabetics use did not have an impact on subjects with lower baseline HbA1c <7%, but baseline SU and DPP4 inhibitor use were potential moderators of the SGLT2 inhibitor effects in subjects with baseline HbA1c ≥7%. SU use was associated with a lower response after adjusting for covariates whereas DPP4 inhibitor use was related to a significantly better response after the addition of SGLT2 inhibitor.
DISCUSSION
In this study, we analyzed 804 patients who were administered three widely used SGLT2 inhibitors (empagliflozin, dapagliflozin, and ipragliflozin). After treatment for a median 192 days, the HbA1c level decreased by 0.7% (baseline 7.7%) and the weight loss was about 3.0 kg. Evaluation of the clinical factors affecting SGLT2 inhibitor response revealed that shorter diabetes duration, higher baseline HbA1c level and eGFR were associated with a greater reduction in HbA1c levels. The baseline BMI showed an opposite effect according to glycemic status and lean, tightly controlled subjects and obese, inadequately controlled subjects showed better responses. The type of anti-diabetic agents used before the addition of an SGLT2 inhibitor was also an important determinant. Baseline metformin and TZD use did not have an impact, but baseline DPP4 inhibitor users received the greatest benefit from SGLT2 inhibitor therapy. SU use was associated with a significantly lower response after adjusting for covariates. As the pathophysiology of T2DM is complex, the use of combination therapy with complementary mechanisms of action may offer additive or synergistic effects in glucose control [16] . DPP4 inhibitors prevent the degradation of incretin hormones such as glucagon-like peptide-1 and glucose-dependent insulinotropic polypeptide, which stimulate insulin secretion and inhibit glucagon release [17] . SGLT2 inhibitors improve glycemic control in an insulin-independent manner by promoting urinary glucose excretion [9] . Thus, the combination of DPP4 inhibitor and an SGLT2 inhibitor is an attractive approach. Furthermore, recent studies have shown that glucosuria produced by SGLT2 inhibitors is accompanied by increased endogenous glucose production (EGP), which may offset the glucose-lowering effect [18] . As DPP4 inhibitors suppress glucagon secretion from pancreatic α-cells and reduce EGP [17] , combining DPP4 inhibitor and SGLT2 inhibitor may exert more beneficial effects [19] . This issue includes several studies on the effect of combination therapy of DPP4 inhibitor and SGLT2 inhibitor. Rosenstock et al. [20] have assessed the efficacy and safety of the dual add-on of saxagliptin/dapagliflozin compared with those of saxagliptin or dapagliflozin added alone to metformin. Triple combination therapy showed a significantly greater HbA1c reduction than dual therapy with saxagliptin or dapagliflozin, with a mean change from baseline HbA1c of -1.5% versus -0.9% or -1.2%. Patients were well tolerated and hypoglycemia was rare, with no events of major hypoglycemia. DeFronzo et al. [21] reported similar findings after examining the effect of the combination of empagliflozin/linagliptin added to metformin versus each agent alone. As most of our study patients (95.4%) were already prescribed metformin, our results are in line with those of previous studies showing the greatest response in the combined therapy of metformin plus DPP4 inhibitor plus SGLT2 inhibitor. However, the degree of HbA1c reduction was slightly differed from the above studies. This discrepancy may probably due to the differences in drug compliance, which is much higher in randomized clinical trial, and the difference of baseline phenotype (ethnicity, initial HbA1c, and BMI) in patients.
On the other hand, the decrease from baseline HbA1c level was larger in baseline SU users as absolute values, but the significance was reduced after adjusting for various factors in multiple regression analysis. Compared to other anti-diabetic agents, there were significant differences between SU users and non-users; the SU users were older, and had a longer diabetes duration, and were not well-controlled (Supplementary Table  2 ). Thus, it appears that these characteristics of baseline SU users are also related to the poor response to the addition of an SGLT2 inhibitor.
The different effect of BMI on glucose control according to baseline HbA1c is a novel finding. In previous studies evaluating the clinical characteristics of glycemic response to SGLT2 inhibitors, baseline BMI was not associated with the glucoselowering effect of SGLT2 inhibitor treatment [14, 22, 23] . Higher baseline HbA1c, FPG, and eGFR are known independent predictors influencing the HbA1c reduction [14, 22, 23] . However, as the baseline HbA1c may influence the response in different BMI groups, we compared the therapeutic efficacy of SGLT2 inhibitor among different HbA1c and BMI categories, demonstrating that obese T2DM patients with inadequate sugar control are more responsive to SGLT2 inhibitors. The increase in renal glucose excretion in proportion to the plasma glucose level [24] and the greater weight loss in obese subjects may have synergistic effects, though the precise mechanisms are unknown. However, considering of small sample number (n=22) in the lean and well-controlled diabetes patients, attention should be paid in interpreting this phenomenon.
Our study has several limitations. First, we could not assess diet, exercise, or drug compliance during SGLT2 inhibitor treatment. Second, as this study design was retrospective, the type or dosage of other prescribing anti-diabetic agents was not standardized. Third, the degree of urinary glucose excretion was not measured. However, despite these limitations, we analyzed a relatively large number of patients who used SGLT2 inhibitors in a real-world setting, revealed the clinical factors, and identified the best SGLT2 inhibitor combination for optimal glucose-lowering efficacy.
In summary, this retrospective observational study suggests that the addition of SGLT2 inhibitor use can provide greater glycemic benefit in inadequately controlled T2DM patients with a preserved renal function, short diabetes duration, and in baseline DPP4 inhibitor users. In association with BMI and HbA1c levels, lower BMI in well-controlled subjects and higher BMI in poorly controlled subjects were associated with better response. Further prospective studies are warranted to obtain more information on the therapeutic applications of SGLT2 inhibitors.
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